Immature epithelial Na+ channel expression is one of the pathogenetic mechanisms leading to human neonatal respiratory distress syndrome.
Noninfective acute respiratory disease develops in approximately 1% of all newborn infants and results in their admission to a critical care unit. Transient tachypnea of the newborn occurs as a result of a delay in the clearance of fetal lung liquid; however, respiratory distress syndrome, typically thought to be exclusively a problem of relative surfactant deficiency, is now suspected to be characterized by an even greater air space fluid burden from the inability to absorb fetal lung liquid. In vivo experiments have demonstrated that the lung epithelium secretes Cl and fluid throughout gestation and develops the ability to actively reabsorb Na+ only during late gestation. At birth, the mature lung switches from active Cl- (fluid) secretion to active Na+ (fluid) absorption in response to circulating catecholamines. Changes in oxygen tension augment the Na(+)-transporting capacity of the epithelium and increase gene expression for the epithelial Na+ channel (ENaC). The inability of the immature fetal lung to switch from fluid secretion to fluid absorption results, at least in large part, from an immaturity in the expression of ENaC, which can be upregulated by glucocorticosteroids. Both pharmacological blockade of the lung's epithelial Na+ channel and genetic knockout experiments using mice deficient in the ENaC pore-forming subunit have demonstrated the critical physiological importance of lung Na+ transport at birth. When Na+ transport is ineffective, newborn animals develop respiratory distress and hypoxemia, retain their fetal lung liquid and, in the case of the ENaC knockout mice, die. Bioelectrical studies of human infants' nasal epithelia demonstrate that both transient tachypnea of the newborn and respiratory distress syndrome have defective amiloride-sensitive Na+ transport. These results suggest that neonatal respiratory distress syndrome has, in addition to a relative deficiency in surfactant, defective Na+ transport, which plays a mechanistic role in the development of the disease.